Abiotic and biotic factors were found to be related to growth rates of a cheatgrass sward using stepwise regression analyses. Soil temperature and plant tissue nitrogen showed a strong relation with growth rates from initiation of growth to peak production. After peak production, soil temperature was related to declining growth rates. Water stored in the soil profile had a weak relationship with growth rates and plant growth was completed before soil water became limiting. Equations were developed using soil temperature, nitrogen content of plant tissues, and live herbage production to estimate future production of cheatgrass.
silt-loam with very few stones in the upper meter of its profile. The climate is semiarid, with an average annual precipitation of 17 cm from October to May. There has been little or no grazing by livestock since the field was abandoned in 1943.
Two sites, each 0.1 ha in size were established near the center of the field. Herbage was harvested by hand from ten randomly located 20 x 50 cm (0.1 m') quadrats in each site. Sampling was conducted at 3-week intervals throughout the spring growing season and once during the fall. Live herbage was hand separated from the dead material by species. The herbage was oven dried for 48 hours at 6O"C, weighed, and analyzed for total nitrogen, phosphorus, and potassium (U.S. Testing Company).
Percentage soil water (dry basis) was determined gravimetrically in soil samples collected at I-dm increments to a depth of 8 dm using a barrel-type auger. Percent moisture was multiplied by bulk density to obtain soil water by volume. Soil temperature was measured by a recording thermograph with temperature sensing elements buried at 4 dm.
Statistical analyses for stepwise regression followed Draper and Smith ( 1968) . Herbage data were combined over 3 years (197 1, 1972, and 1973 ) for these analyses, using site means by harvest dates. Regression equations related daily changes in amounts of herbage; factors were herbage weight (WT), plant nitrogen (N), phosphorus (P), potassium (K), soil temperature (T) at 4 dm depth, and soil water (W) at 1 -dm increments to 8 dm in depth. These data were separated into two periods of growth for analyses. First, regression equations were developed from the beginning of growth to peak biomass of cheatgrass and this interval is referred to as the accelerated growth period. Secondly, regression equations were determined from peak biomass to the end of growth, which is referred to as the senescent period.
The regression equations developed may be used to estimate future daily change in herbage weight of cheatgrass up to a maximum of three weeks. These equations were developed from the first three years of data and then tested on two independent years of data collected for 1974 and 1975 . Only those independent variables that contributed significantly to the variation in the dependent variable (daily change in biomass) are presented in this study.
Results
The average maximum biomass production of cheatgrass during the 5 years (197 l-l 975) was 224 g/m' ( Table 1) . The extreme low, 132 g/m', occurred in 1972 while the peak high occurred in 1974 with 328 g/m". The average rate of growth to peak biomass production was 2.9 g/m2/day for three years ( 197 1 -1973) . After peak production, the live tissues decreased at an average value of 3.8 g/m'/day. Precipitation during November to April was lowest for the 1973 season with 11 cm of water; highest November to April precipitation occurred during the 1974 growing season with 26 cm. Table 2 . Regression equations showing the influence of biotic and abiotic factors on daily growth rates (P) of live cheatgrass from initiation of growth to peak herbage production (accelerated growth period) and
post-peak herbage production (senescent period) to cessation. Nitrogen content in live tissues ranged from 0.40% to a high of 2.60% (Table 1) . Nitrogen content was highest early in the growing season with values exceeding 2%. Peak yield of plant nitrogen ranged from 1.5 to 2.2 g/m' during the 5 years. Average peak yield of nitrogen in cheatgrass was 1.920.1 g/m* (+ SE). Soil temperatures at a 4-dm depth ranged from a low of 3.9" to 2 1 .O"C during the harvest periods from 197 1 to 1975 ( Table I ) .
In the cheatgrass community, 50% of the variation in changes during the spring period of accelerated growth was accounted for by the amount of live herbage present (WT) (Equation 1, Table 2 ), while the amount of live herbage accounted for48% of the variation during the senescent period (Equation 4). These equations may be used to estimate growth rates when soil temperatures or plant nitrogen are not available.
Soil temperature (T) accounted for 44% of the variation in daily growth (Equation 2, Table 2), and soil temperature and nitrogen (N) accounted for 77% of the variation (Equation 3 ). During the late fall of each year after soil water is replenished, soil temperature appears to influence or show a relationship with plant growth. Soil temperature may be the most reliable single factor to estimate growth rate until 11°C is reached. At temperatures above 1 l"C, nitrogen begins to influence or show a relationship with plant growth. Then Equation 3 is best used to estimate growth rates until a temperature of 15°C is obtained or approximately 0.5% nitrogen is present in the cheatgrass tissues. The decrease in live herbage was a function of soil temperature (Equation 5), which accounted for 66% of the variability. Soil temperature was the most highly correlated independent variable of all parameters associated with growth rates of cheatgrass during the senescent period. Soil water in the upper meter of soil profile did not contribute significantly to daily growth rates of cheatgrass biomass during both growth periods in the stepwise regression analyses. Soil water as related to daily growth rates of cheatgrass showed differences by depth when comparing the accelerated growth and senescent periods (Table 3) . Soil water showed a significant relationship with growth rates during the accelerated growth period to a depth of 9 dm. However, during the senescent period, late in the growing season, growth rates were significantly related with soil water only to a depth of 4 dm. Higher correlation coefficients (r) are shown for the senescent period; however the lower soil depths are not significant which may be due to a smaller sample size. Cline et al. (1977) showed that, in years where adequate soil moisture is available, soil water is not fully exploited by cheatgrass at the lower depths below 4 dm. During 197 I-1973 , the growth of cheatgrass had terminated before deeply stored soil water was used. However, during the drier years when soil water did not penetrate below the 5 dm soil profile, growth was limited primarily by soil water, rather than temperature and plant nitrogen.
The estimated values of biomass for the growing seasons of 1974 and 1975 were obtained from Equations 2,3, and 5, which were developed for years 197 1-1973 (Table 2) . Changes in herbage growth rates were predicted at future weekly intervals and these values were summed for each week to obtain total biomass. Reasonable agreement was shown between estimated and actual biomass values throughout the growing season for both years (Fig. 1) .
Discussion
Temperature affects the qualitative and quantitative development of plants. The structural development and physiological processes of a plant may vary greatly with the temperature of the environment, depending on species. The annual growth of cheatgrass falls into three seasonal phases as related to soil temperatures-limited, relatively unaffected, and inhibited. The limited phase is defined as that period when temperature is not sufficient to allow optimum development of the plant. The relatively unaffected phase is that period where temperatures are favorable for optimum plant growth, while the inhibited phase is defined as that period when excessive temperatures retard or inhibit plant growth (Jarvis and Jarvis 1973) . When soil temperatures were low i.e., 1.9 -3 5°C) cheatgrass growth was initiated (limited phase). The unaffected phase of growth occurred between 3.5"C and 15°C. Above 15"C, the growth rate decreased; growth ceased at approximately 27°C (inhibited phase).
Temperature is an important factor influencing germination of cheatgrass. New seeds have the highest germination success at air temperatures of 1 O'C, seeds 4 weeks old-15OC, 7-week
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May 1979 old seeds-15°C to 2O"C, and 1 -year-old seeds-20°C (Hulbert 1955) . Germination occurs in the fall in southcentral Washington, with some leaf growth prior to the onset of low winter temperatures. The nitrogen content of cheatgrass tissues also appears to influence production. When nitrogen content ranges between 0.5% to 2% or even higher, optimal growing conditions prevail. Growth of cheatgrass may become arrested when tissue nitrogen is less than 0.5%. Cline and Rickard (1973) showed that cheatgrass production was low when plant tissue nitrogen was below 0.7%.
During late fall, winter, and early spring when soil moisture is available, low soil temperature is the factor regulating the growth of cheatgrass. When adequate soil moisture is available for growth, both temperature and nitrogen influence the growth rates of cheatgrass. Apparently at this site all growth was completed before soil water became a limiting factor, with soil temperature causing growth to stop.
The estimated biomass production for 1974 and 1975 compares favorably with actual harvest data (Fig. 1) . Soil temperature showed a strong relationship with growth rates of cheatgrass throughout the growing season, while plant nitrogen displayed a strong relationship when cheatgrass was vigorously growing. Soil water did not demonstrate this strong relationship with growth. However, during the fall, adequate moisture must be available to initiate growth and seed germination.
